Nor can it be agreed that the length of transition in gas turbines depends only on the free-stream turbulence and pressure gradient. The foregoing discussion has indicated that boundary layer Reynolds number should also be an important parameter.
In relation to transition length, it has also been stressed that even mild positive pressure gradients cause a major shortening of the transition zone. Under these conditions, which are relatively more extensive than envisaged by Mayle, the influence of free-stream turbulence becomes much less important.
The basis of transition length correlations has been examined in some detail. This study has indicated that Mayle's technique may be considered a development of the Narasimha and Walker approaches, but one that is subject to some lack of generality in that it does not permit independent variation of Reynolds number and pressure gradient parameters that influence natural transition modes. The latter parameter may be significant in relation to spot production rates, even in a highly turbulent stream where bypass modes predominate.
Mayle's attempt to improve separation bubble modeling by incorporating a finite transition length is supported, but it has been pointed out that his assumption of the end of transition coinciding with the limit of the constant pressure region is incorrect. The author has outlined several other limitations of current models.
The author supports Mayle's call for further study into the periodic-unsteady transition phenomenon. Neither Mayle's nor the present examination have revealed any clear criterion for the onset of wake-induced transition, and the author's observations of transition on a compressor blade differ significantly from those of other workers in some important respects. The compressor blade data suggested that the transition location was not greatly influenced by either periodic or random disturbances associated with passing rotor wakes.
Taken overall, such differences of opinion as have been identified above largely reflect the differing backgrounds of Mayle and the present author, which are mainly in the turbine and compressor fields, respectively. The most stimulating aspect of Mayle's review for the present author has been its general consideration of transition phenomena in gas turbines from the turbine engineer's perspective. The final conclusion, therefore, is that the promotion of even closer interaction between compressor and turbine designers could act as a catalyst for further useful progress in the boundary layer transition field.
providing definite statements, and in simplifying the problem to make it more amenable, it would have been improbable if he had not made statements that others feel need refining or correcting. With Mayle's lecture as its focus Walker has produced an interesting and stimulating discussion, and it is to be hoped that this will spark further attention to the subject of transition.
I have two substantive points to make. The first relates to the inception of turbulence by the passage of wakes from upstream. Walker uses his results, shown here as Fig. 4 , to claim that the wake turbulence is not initiating the boundary layer turbulence. He comes to the conclusion because at this chordwise position {x/c = 0.50) the boundary layer is turbulent at times where the rear part of the wake is over it and in the rear of the wake the turbulence is reduced. Actually this is just what one would expect if the wake turbulence were initiating the boundary layer turbulence at some position further upstream; because the wake is convected at the local free-stream velocity but the boundary layer spots travel at about 0.85 times free-stream velocity, the wake moves ahead of the boundary layer that turbulence initiates. This is demonstrated on compressor blades by, for example, Cumpsty (1990a, 1990b) and Li (1990) . An aspect of this that remains a mystery is why the wake can initiate turbulence near the leading edge of the blade, where the Reynolds number is low, but then appears unable to do so farther back, but instead travels passively over the laminar boundary underneath.
The second point, which is directed at both the present paper by Walker and the earlier one by Mayle (1991) , relates to transition taking place in separation bubbles. The discussion of this topic seems to take place in terms of a very limited group of papers, principally Gaster (1967) , Horton (1969) , and Roberts (1975) . There are other papers it would be useful to involve in the discussion and in interpreting the behavior. I would particularly draw attention to the work of Arena and Mueller (1980) , where flow visualization was used to determine explicitly the position of the start of transition and the mean position of reattachment. 
Additional References

Author's Closure
The author thanks N. A. Cumpsty for his comments and welcomes the opportunity to expand further on the two substantive points that have been raised.
The question of how the wake passage initiates turbulence is a critical one. There is no doubt that turbulent breakdown in the boundary layer may coincide with the passing wake disturbance, as many other authors (including Cumpsty and co-workers) have observed. It is a moot point, however, whether such breakdowns are due to the direct action of wake turbulence, the periodic unsteadiness associated with the wake, or interaction effects resulting from the wake passage over the blade (both potential flow and viscous-inviscid interactions). Figure 4 of the paper (taken from Walker, 1974) was included to support the view that turbulence inception might be induced indirectly by the wake perturbations or associated interaction effects. Cumpsty correctly points out that this single figure cannot conclusively establish that the initial breakdown did not coincide with the wake passage at some point further upstream. Additional material from Walker (1974) was included in the presentation of the paper to indicate that the instant immediately following the wake passage was the favored time for turbulent breakdown. Stronger evidence for the existence of indirect mechanisms is provided by the more recent results of Orth (1992) and Walker and Solomon (1992) . Orth's (1992) observations are particularly interesting in that they seem to indicate the existence of both direct and indirect mechanisms in the same experiment. Here, the boundary layer on a flat plate was subjected to periodic disturbances from the wakes of a rotating cascade of bars. The stronger wakes of the nearer bars generated turbulent spots coincident with the wakes at a position close to the plate leading edge. The weaker wakes of bars in the far positions initiated transition much later, with breakdown definitely lagging behind the wake and no direct connection between the boundary layer and wake turbulence. Whether this breakdown resulted from periodic unsteadiness or from ingestion of wake turbulence into the boundary layer (as Orth argues), the mechanism is clearly indirect. Perhaps the most telling argument for an indirect mechanism is the mysterious phenomenon (noted by both Cumpsty and Orth) of the passing wake traveling passively over the laminar boundary layer after initiating turbulence near the leading edge of a blade or plate.
On the second discussion point, the author strongly agrees with Cumpsty on the need for a better physical understanding of transition phenomena in laminar separation bubbles. Combined flow visualization and hot-wire studies, such as that of Arena and Mueller (1980) , have made an important contribution here. These workers note, however, that pinpointing transition onset from flow visualization observations is rather difficult, and the present author considers intermittency measurements a better tool for this purpose.
The main reason for focusing on the limited group of papers from Gaster (1967) , Horton (1969), and Roberts (1975) was that, despite their known limitations, these semi-empirical models of laminar separation bubble behavior have been the mainstay of engineering calculation methods for around two decades. The paper of Arena and Mueller, for all its useful physical insights, did no more than agree with these existing prediction methods for short bubbles.
